INTRODUCTION
presented evidence that North American lizards previously assigned to the genus Cnemidophorus represent a monophyletic group, leaving South American species in possession of the generic name in a separate clade. This necessitated resurrecting the generic name Aspidoscelis for North American species. Therefore, the present paper involves an interpretation of the evolutionary history of the diploid parthenogenetic species Aspidoscelis tesselata in eastern New Mexico, the species formerly allocated to Cnemidophorus tesselatus.
Aspidoscelis tesselata is an excellent species for assessing the evolutionary potential of a parthenogenetic vertebrate. Its attributes include a broad latitudinal distribution, wellmarked genotypic and phenotypic variation, and histocompatibility evidence that evolutionary divergence began with a single basal parthenogenetic individual (Maslin, 1967; Cordes and Walker, 2003) . Of additional evolutionary interest, Aspidoscelis tesselata participated in the origin of a new species. Although hybridization between A. tesselata and A. tigris marmorata produced sterile triploid hybrids (Taylor et al., 2001) , the triploid species A. neotesselata (Walker et al., 1997a) originated from an A. tesselata ϫ A. sexlineata hybridization (Parker and Selander, 1976; Densmore et al., 1989; Dessauer and Cole, 1989) . Equally intriguing is the possibility that a new parthenogenetic species could result from genetic changes (divergence) in an established parthenogenetic species (Echelle, 1990; Cooley, 1995a, 1995b; Manríquez-Morán et al., 2000; Schmitz et al., 2001) . In addition to this possibility, we investigated the origin of color pattern classes and the pattern of divergence that has occurred in A. tesselata from eastern New Mexico.
Aspidoscelis tesselata originated recently (Densmore et al., 1989; Reeder et al., 2002) from hybridization between a female A. tigris marmorata and a male A. gularis septemvittata (Neaves, 1969; Parker and Selander, 1976; Dessauer and Cole, 1989; Dessauer et al., 1996) . Despite its clonal pattern of inheritance (Dessauer and Cole, 1986) , A. tesselata is ecologically successful based on a geographic range that includes parts of Chihuahua, Mexico (Zweifel, 1965) , Texas (Dixon, 2000) , New Mexico (Degenhardt et al., 1996) , Oklahoma (Webb, 1970) , and Colorado (Hammerson, 1999) , and its presence in various assemblages of bisexual and parthenogenetic congeners (Cuellar, 1979; Taylor et al., 2000 Taylor et al., , 2001 . Based on its extensive latitudinal distribution, Aspidoscelis tesselata might have inherited an advantageous generalized genotype from its two progenitor species (Taylor et al., 2001) . This ecological success has occurred despite the absence of genetic recombination. Price (1992) and Price et al. (1993) provide a contrasting interpretation of ''success'' in A. tesselata. Morphological variation in A. tesselata includes four color pattern classes (Zweifel, 1965; Taylor et al., 1996) integrated into the currently understood phylogenetic history of A. tesselata by Walker et al. (1997a) . Another diploid pattern class (F), included in A. tesselata by Zweifel (1965) , was described as A. dixoni by Scudday (1973) , and Densmore et al. (1989) presented mitochondrial DNA evidence that A. dixoni and A. tesselata may have originated from independent hybridizations.
Color pattern differences among pattern classes C, Colorado D, New Mexico D, and E were used to discover local examples of ecological (Walker et al., 1997b ) and life-history (Taylor et al., 1997 (Taylor et al., , 2000 differences between sympatric clones. However, we expose (below) complications in using color pattern classes C and E as simple descriptors of regional patterns of geographic variation.
Our study is rooted in the important pioneering investigations of Zweifel (1965) , Maslin (1967) , Parker and Selander (1976) , and . Zweifel (1965) set the stage for future research by recognizing that a few color pattern classes could accommodate the previously undecipherable morphological variation in A. tesselata. He was then able to describe A. tesselata from Conchas Lake as comprising two color pattern classes (C and D) and document the remarkable meristic variation in Conchas C. The magnitude of this morphological variation was unexpected because it challenged the intuitive expectation that parthenogenetic reproduction constrains phenotypic variability. With great acuity, Zweifel (1965) predicted that Conchas C might consist of several clones, and electrophoretic analyses of proteins by Parker and Selander (1976) confirmed this prediction. then demonstrated congruence between meristic and genotypic variation, thereby providing genetic markers (clones IC, VIC, and VIIIC) for morphological subgroups of Conchas C. These clones appeared to have combinations of alleles that were polymorphic in their bisexual ancestors. Therefore, Parker and Selander (1976) , , and Parker et al. (1989) argued that several independent hybridizations were responsible for the genetic and morphological variation in Conchas C. However, Maslin (1967) revealed histocompatibility between pattern classes C and E, implying that the genealogies of different pattern classes converged on a single parthenogenetic progenitor.
The purpose of the present study was to (1) reconcile patterns of genotypic and morphological variation for clones of A. tesselata at Conchas Lake and different color pattern classes from eastern New Mexico, (2) reassess the multiple hybridization hypothesis to explain variation among these groups, (3) evaluate evidence that the genetic and morphological variation in A. tesselata was generated by postformational mutation, and (4) determine if divergent clones deserve formal taxonomic recognition.
MATERIALS AND METHODS

MORPHOLOGICAL ANALYSES
In a departure from all previous studies, we use new pattern class designations to flag color pattern ambiguities in A. tesselata at Conchas Lake State Park and Arroyo del Macho. The results of a discriminant analysis (DA) justified two pattern class designations. Using Zweifel's (1965) pattern class designations, the DA model was based on samples of pattern class ''C'' from Conchas Lake and pattern class ''E'' from Arroyo del Macho as the a priori groups ( fig. 1 ). These specimens met body size criteria (see below) that removed ontogenetic variation from the three color pattern characters used in the DA (table  1) . The DA model, with standardized discriminant functions of 1.308 for L-breaks, Ϫ0.519 for DL-breaks, and Ϫ0.380 for PVbreaks, classified 26 of 100 specimens of Conchas ''C'' as Macho ''E'' and 14 of 37 specimens of Macho ''E'' as Conchas ''C''. Despite misclassified individuals and a weak eigenvalue (0.113), the two groups differed significantly in discriminant function scores (t 135 ϭ Ϫ3.912; P Ͻ 0.0005). Therefore, we used two new pattern class designations: C-E for the Conchas Lake non-Ds, and E-C for the form at Arroyo del Macho. The first letter signifies the pattern class identity of this population in previous studies; the second letter emphasizes that this population contains a range of color pattern variation that includes individuals with color pattern features of this second pattern class. Additional evidence of color pattern ambiguities in these two groups is presented in other sections of the paper.
With the addition of two new color pattern designations, our study was based on five color pattern classes of A. tesselata from six localities. The focal samples comprised pattern classes C-E (N ϭ 135) and D (N ϭ 51) from Conchas Lake State Park ( fig. 1 ). These samples included 34 specimens (21 C-E, 13 D) with protein phenotypes identified electrophoretically by Parker and Selander (1976) and H.C.D. and C.J.C. (this study) and 13 specimens (9 C-E, 4 D) used in skin transplant experiments by Cordes and Walker (2003) . Two additional groups of samples were included to determine patterns of evolutionary divergence. The first group consisted of pattern classes E and E-C with electrophoretic data from Fort Sumner (N ϭ 11), Roswell (N ϭ 10), and Arroyo del Macho (N ϭ 10). The second group comprised samples lacking electrophoretic data. These were (1) pattern class C (N ϭ 47), pattern class E (N ϭ 47), and pattern class D (N ϭ 5) from Sumner Lake State Park (approximately 90 linear km south of the Conchas Lake localities), (2) pattern class E (N ϭ 25) from Puerto de Luna (approximately 34 linear km northwest of the Sumner Lake collecting sites), (3) pattern class E (N ϭ 5) from Fort Sumner (approximately 18 linear km southeast of Sumner Lake), and (4) pattern class E-C (N ϭ 31) from Arroyo del Macho (approximately 105 linear km south of Sumner Lake). The geographic relationships of sam-NO. 3424 AMERICAN MUSEUM NOVITATES Fig. 1 . Geographic relationships among four northern collecting localities of Aspidoscelis tesselata of color pattern classes C, New Mexico D, and E and convenience classes C-E and E-C. Color patterns found at the four sites are (1) Conchas Lake State Park: C-E and New Mexico D; (2) Sumner Lake State Park: C, New Mexico D, and E; (3) Puerto de Luna: E; and (4) Arroyo del Macho: E-C. figure 1 , and specific information on samples and sampling localities is provided in appendix 1. We shortened frequent references to genotypic clones (GPI and EST2 loci) and affiliated pattern class as follows: Conchas IC-E (Roman numerals indicate that the genotype is known) and 1C-E (Arabic numerals refer to morphological subgroups corresponding to a priori groups of known genotype); VIC-E and 6C-E; VIIIC-E and 8C-E. We also combined abbreviated names of collecting localities and pattern class designations to refer to various groups (Conchas D; Sumner C, D, and E; Luna E; Macho E-C).
Each specimen was scored for 10 meristic characters representing seven scalation features and three color pattern features (tables 1, 2), the latter involving the number of breaks (disruptions by transverse black bars) in the lateral, dorsolateral, and paravertebral pale stripes. A traditional character (SDL-T4 in tables 1 and 2) was omitted from multivariate analyses to maintain consistency and comparability across different color pattern classes, genotypic clones, and morphological subgroups. We excluded this character because certain individuals in critical samples (those with protein phenotypes and those used for skin transplants) had damaged or missing 4th toes on both feet.
Body length (snout-vent length ϭ SVL) was measured to the nearest millimeter with digital calipers. Significant relationships were found between color pattern characters and SVL in composite samples of pattern classes C and C-E (N ϭ 173) and E and E-C (N ϭ 112). These relationships were between L-breaks and SVL in C ϩ C-E (P ϭ 0.003) and between L-breaks and SVL (P ϭ 0.016) and PV-breaks and SVL (P ϭ 0.001) in E ϩ E-C. Using specimens Ͼ66 mm SVL for pattern classes C, C-E, and D and Ͼ69 mm SVL for pattern classes E and E-C removed ontogenetic variation from the definitive samples (P ϭ 0.08 and P ϭ 0.62 for the regressions of L-breaks on SVL, and P ϭ 0.18 for the regression of PV-breaks on SVL).
Three morphological subgroups of pattern class C-E were identified from a canonical variate analysis (CVA) of 21 individuals of known genotype, using the three GPI, EST2 genotypes as a priori groups. These subgroups, corresponding to genotypic clones, NO. 3424 AMERICAN MUSEUM NOVITATES were then used as a priori groups to assign individuals of C-E lacking electrophoretic data to morphological subgroup. The pattern of meristic variation among the morphological subgroups was then depicted by a definitive CVA, with subgroup assignments used to define a priori groups. The same procedure was used to assign the skin transplant specimens of Cordes and Walker (2003) to morphological subgroup and show their patterns of variation. Nine meristic characters (table 1) were used in most analyses. Exceptions included CVAs based only on color pattern characters and those used for skin transplant specimens. We excluded characters based on DL-breaks and PV-breaks from the latter because the dorsolateral and paravertebral stripes had been used as transplantation sites, and the integrity of the pattern was compromised in these specimens. Only specimens with complete data were included in each analysis. Specific procedures are detailed in the appropriate sections of Results and Discussion.
To facilitate comparisons, a symmetric dissimilarity matrix of Mahalanobis distances (D 2 ) between group means was used to construct an additive tree depicting the morphological similarities and differences among the various groups. The D 2 values were obtained from BMDP program 5M, Linear and Quadratic Discriminant Analysis, accessed via SYSTAT 10.2. Additive trees are directed graphs with paths (sums of horizontal branch lengths) representing relative distances between entities. This procedure, in conjunction with ordination (de Queiroz and Good, 1997) , is more appropriate than hierarchical clustering for illustrating patterns of divergence from similarity/dissimilarity data (Sattath and Tversky, 1977; Wilkinson et al., 1996; de Queiroz, 1998) . For example, intracluster branches (representing specific groups) can vary in length on an additive tree but not on trees generated by hierarchical joining techniques. Therefore, additive trees provide information on differences among intracluster groups in addition to intercluster groups. Additive trees are not intended as phylogenetic reconstructions, but clonal divergence manifested in quantitative meristic differences should be evident.
ELECTROPHORETIC ANALYSES
Two of the 21 presumptive protein loci assayed with horizontal starch gel electrophoresis by Parker and Selander (1976) , Pgi (ϭ GPI, glucose-6-phosphate isomerase) and Est-2 (ϭ EST2, a muscle esterase), and 4 of the 31 presumptive protein loci assayed by H.C.D. and C.J.C. (GPI, EST2, aconitase hydratase [sACOH] , and mannose-6-phosphate isomerase [MPI] ) revealed clonal differences in the Conchas Lake samples. Parker and Selander (1976) designated alleles at each locus according to migration of their allozymes relative to the most common allele (''100'' for anodally migrating proteins and ''Ϫ100'' for cathodally migrating proteins) found in A. tigris marmorata. Clonal designations from use a combination of multilocus electrophoretic genotype (Roman numerals I-XIII) and pattern class (B ϭ A. neotesselata; C, D, and E ϭ A tesselata; F ϭ A. dixoni). All available specimens of pattern classes C (ϭ C-E here) and D analyzed by Parker and Selander (1976) and were rescored for meristic characters and combined with AMNH specimens with known GPI and EST2 genotypes from Conchas Lake to represent the foundation for the present study: 10 individuals of clone IC-E (GPI Ϫ100/Ϫ96, EST2 100/96), 7 individuals of clone VIC-E (GPI Ϫ99/Ϫ96, EST2 100/96), 4 individuals of clone VIIIC-E (GPI Ϫ100/Ϫ96, EST2 96/96), and 10 individuals of clone ID (GPI Ϫ100/Ϫ96, EST2 100/96). Unfortunately, the three individuals of clone VIIC (GPI Ϫ99/Ϫ96, EST2 96/96) described by have been lost and were thus unavailable for reanalysis.
New electrophoretic data for 31 gene loci have been provided by H.C.D. and C.J.C. (table 3) , based on more recently collected AMNH specimens (see appendix 1). These loci include 17 of the 21 analyzed by Parker and Selander (1976) . Methodology followed Harris and Hopkinson (1976) , Murphy et al. (1996) , and, particularly for North American lizards of the genus Aspidoscelis, Dessauer et al. (2000) . For each locus, alleles are designated in alphabetical order according to decreasing anodal migration of their allozymes. For multilocus enzymes, loci are listed nu-NO. 3424 AMERICAN MUSEUM NOVITATES (See Taylor et al., 2001.) merically in order of decreasing anodal migration of their isozymes.
KARYOTYPIC ANALYSIS
We used previously published methods for preparing and studying standard, giemsastained chromosomes (Cole, 1979) . We examined 38 cells at mitotic metaphase from bone marrow of four females of pattern class C-E and three individuals of pattern class D of A. tesselata from Conchas Lake State Park, San Miguel County, New Mexico (see appendix 1).
RESULTS AND DISCUSSION
COLOR PATTERN FEATURES OF PATTERN CLASSES ARE INHERITED CLONALLY
Partitioning of morphological variation in A. tesselata traditionally begins with an assignment of individuals to color pattern class. Therefore, it is important to know that fundamental elements of color pattern are transferred clonally from mothers to daughters. Dessauer and Cole (1986) established this fact for pattern classes C-E and D from Conchas Lake State Park, but not all individuals documenting this clonal inheritance were specified. The evidence included three adults of pattern class C-E from Conchas Lake that produced eggs in the Aspidoscelis colony at the American Museum of Natural History. The nine hatchlings derived from these clutches were all non-D in pattern class; that is, they lacked the paired, broken vertebral lines that characterize pattern class D throughout ontogeny. Similarly, two representatives of pattern class D from Conchas Lake produced eight hatchlings from two clutches of eggs; all had the characteristic color pattern of New Mexico D. All sets of hatchlings and their mothers are identified in appendix 1.
KARYOTYPES ARE CONSISTENT WITH HYBRID ORIGIN
To date, two clearly resolved diploid karyotypes have been published for Aspidoscelis tesselata. Dessauer and Cole (1989: 57, fig.  8A ) depict one from an individual of pattern class D from Conchas Lake State Park, and Taylor et al. (2001: 24, fig. 10A ) depict one from an individual of pattern class E-C from Arroyo del Macho. These two karyotypes are identical, and as discussed in detail by Taylor et al. (2001) , the karyotypes illustrated are identical to the expectations for F 1 hybrids from A. tigris marmorata ϫ A. gularis septemvittata (a haploid set of chromosomes from each; 2n ϭ 46). A variant karyotypic clone was found at Arroyo del Macho (also pattern class E-C) in which the X-chromosome originally inherited from A. tigris marmorata was apparently fissioned at the centromere to become two smaller telocentric chromosomes (2n ϭ 47).
For the present study, we determined the karyotypes of four specimens of A. tesselata pattern class C-E and three specimens of pattern class D from Conchas Lake State Park. All individuals had the typical F 1 hybrid karyotype (2n ϭ 46) with the original, unfissioned X-chromosome from A. tigris.
GENOTYPIC DIFFERENCES WITHIN PATTERN CLASS C-E FROM CONCHAS LAKE
PARKER AND SELANDER ANALYSES: Allozyme variation at 21 gene loci was reported in a range-wide study of A. tesselata (including the triploid A. neotesselata) by Parker and Selander (1976) , who identified processes that could account for the patterns of genotypic variation detected Parker et al., 1989) . The three representatives of clone VIIC have been lost and cannot be reanalyzed morphologically for canonical variate analysis. Clone VIIC shares the Ϫ99/ Ϫ96 GPI genotype with clone VIC and the 96/96 EST2 genotype with clone VIIIC . One individual of clone VIIC was similar to clones IC-E, VIIIC-E, and ID for the nine meristic characters scored by , while the other two individuals were similar to clone VIC-E in having significantly higher counts for LCOF (left circumorbital scales in contact with frontal scale), GAB (granules around midbody at the level of the 20th ventral scale row, as scored by , L3 (number of lamellae on the 3rd toe of the left hindfoot), and SAT (number of scales around the tail at the level of the 15th caudal scale row). Thus, eight of the nine individuals of clones VIC-E and VIIC-E, marked by the GPI Ϫ99/Ϫ96 ge- notype (Parker, , table 2: 1153 , were morphologically divergent from clones marked by GPI Ϫ100/Ϫ96. Although clone VIIC is apparently rare, some of its representatives may have been included in our morphological subgroups. However, we are confident that the patterns of variation have not been distorted because clone VIIC is not distinctive in meristic variation . DESSAUER AND COLE ANALYSES: Seven specimens of pattern class C-E and two of pattern class D from Conchas Lake State Park were assessed at 31 gene loci (table 3) . As was found previously (Parker and Selander, 1976 ), GPI genotypes of Ϫ100/Ϫ96 (IC-E) and Ϫ99/Ϫ96 (VIC-E) were present (ac and ab for GPI, respectively, in table 3; fig.  2 ), but all nine individuals were apparently heterozygous for the EST2 alleles (bc for EST2 in table 3, presumably the same as Parker and Selander's 100/96). Note, however, that the gene products revealed at EST2 may not actually represent only one gene locus, as they do with reasonable certainty for the other loci tested. In addition, genotypic variation was detected at two other loci (table 3; sACOH, fig. 3, and MPI, fig. 4 ), neither of which was included in the Parker and Selander (1976) analyses. This additional genotypic variation included genotypes bc and ac at the sACOH locus and genotypes ac and ab at the MPI locus. These genotypic designations denote the relative migration distances in electrophoretic gels, with the alphabetical sequence of letters representing decreasing anodal migration.
A review of all of the electrophoretic data presented for A. tesselata of pattern classes C, C-E, E-C, E, and New Mexico D by Parker and Selander (1976) , Cole (1986, 1989) , Taylor et al. (2001) , table 3, and additional unpublished data of H.C.D. and C.J.C. reveals that data are now available for a total of 34 clearly identified gene loci (excluding the questionable EST2) for which comparisons have also been made with the bisexual parental taxa, A. tigris marmorata and A. gularis septemvittata. Heterozygosity is fixed and very high, at 47% of these loci, in the parthenogenetic A. tesselata, whereas it averages 5% for bisexual species of Aspidoscelis (Parker and Selander, 1976; Dessauer and Cole, 1989) . As initially pointed out by Parker and Selander (1976) , the generality remains that for all loci the combination of alleles found in A. tesselata is a combination that could be found in an F 1 hybrid derived from A. tigris marmorata ϫ A. gularis septemvittata, with very few exceptions in variant clones (e.g., sACOH and MPI). Furthermore, the allele combinations present in individuals of pattern classes C, C-E, New Mexico D, E, and E-C typically are identical or nearly identical to each other for each locus.
CONGRUENCE BETWEEN EXTERNAL MORPHOLOGY AND GENETIC MARKERS IN PATTERN CLASS C-E FROM CONCHAS LAKE STATE PARK
Three subgroups of pattern class C-E at Conchas Lake are morphologically congruent with GPI, EST2, sACOH, and MPI genotypes ( fig. 5 ). These subgroups were characterized by a canonical variate analysis of meristic characters, using the 21 specimens with known GPI and EST2 genotypes clonal identities) as three a priori groups: clone IC-E (GPI Ϫ100/Ϫ96, EST2 100/96), clone VIIIC-E (GPI Ϫ100/Ϫ96, EST2 96/96), and clone VIC-E (GPI Ϫ99/ Ϫ96, EST2 100/96). We included the three color pattern characters in the CVA after first regressing each character on SVL and demonstrating an absence of ontogenetic variation in the a priori groups (L-breaks: r 2 ϭ 0.10, P ϭ 0.17; DL-breaks: r 2 Ͻ 0.0005, P ϭ 0.98; PV-breaks: r 2 ϭ 0.07, P ϭ 0.24). The CVA model (table 4) had an overall classification success of 90%, with the misclassifications being 2 of 10 individuals of clone IC-E classified to clone VIIIC-E (which we identify below as a likely mutational derivative of clone IC-E).
PATTERNS OF VARIATION AMONG MORPHOLOGICAL SUBGROUPS OF PATTERN CLASS C-E AND PATTERN CLASS D FROM CONCHAS LAKE STATE PARK
Samples of known genotype (clones IC-E, N ϭ 10; VIC-E, N ϭ 7; VIIIC-E, N ϭ 4) were used as a priori groups in a CVA to assign to morphological subgroup those specimens of Conchas C-E with unknown genotypes but having complete meristic data (N ϭ 79). Arabic numerals designated subgroups (1C-E, 6C-E, and 8C-E) correspond- Parker and Selander (1976) to identify, from GPI and EST2 genotypes, clones IC-E, VIC-E, and VIIIC-E. B. Open symbols denote Parker and Selander specimens shown in part A and solid symbols identify the seven AMNH specimens in part A with known GPI, EST2, sACOH (given first), and MPI (given second) genotypes. Canonical variate scores were derived from a canonical variate analysis (table 4) using nine meristic characters.
ing to genotypic clones (IC-E, VIC-E, and VIIIC-E). The CVA assigned 48 individuals to 1C-E, 18 to 6C-E, and 13 to 8C-E. The assignment CVA was followed by a second CVA (table 5), using subgroups 1C-E, 6C-E, and 8C-E as the a priori groups. This CVA had a classification success of 96%, which was reflected in the clear delineation of subgroups in the ordination of canonical variate scores ( fig. 6A ). Three misclassifications were made among the 79 specimens-one individual of 6C-E assigned to 8C-E and two individuals of 1C-E, one assigned to each of subgroups 6C-E and 8C-E. Another CVA (table 6) substantiated that none of the subgroups (1C-E, 6C-E, and 8C-E) had a distinctive color pattern ( fig. 6B ). The classification success was only 42%, and each morphological subgroup contained individuals with C-like and E-like color pattern features (figs. 7, 13).
To determine the morphological subgroup most closely resembled by Conchas D, a CVA (table 7) was based on a priori groups composed of morphological subgroups 1C-E, 6C-E, 8C-E, and pattern class D. Although Parker and Selander (1976) reported single representatives of clones VID and VIIID from Conchas Lake, the voucher specimen for clone VIIID (EDP 842) was reidentified as a representative of pattern class C by Walker et al. (1997a) and clone VIIIC-E (this study). The voucher specimen for clone VID (EDP 846) is missing. However, determined that it was morphologically similar to individuals of clone ID. Our sample of ID comprises 21 specimens, including the 9 specimens analyzed electrophoretically by Parker and Selander (1976) and and 1 specimen (EDP 835) identified as a representative of clone IC in those publications. Walker et al. (1997a) assigned the latter specimen to pattern class D, and we concur, but these differences of opinion are expected to arise when visually classifying specimens with ambiguous color patterns. Eleven specimens of Conchas D analyzed electrophoretically by H.C.D. and C.J.C. were identical to clone IC-E for all loci tested and thus represented clone ID. Although it appears that clonal variation in pattern class D is limited, we use the more general designation of D for this a priori group.
Color pattern differences between Conchas C-E and Conchas D are centered in the vertebral field, where a pair of fragmented vertebral lines distinguishes the latter (figs. 7, 8) . This distinctive color pattern difference belies the fact that clones ID and IC-E are identical to each other in electrophoretic characters, and Conchas D and morphological subgroup1C-E are nearly identical in multivariate morphological characters ( fig.  9A, B) . 6 . Pattern of multivariate morphological variation in three morphological subgroups of Aspidoscelis tesselata of pattern class C-E (1C-E, N ϭ 48; 6C-E, N ϭ 18; and 8C-E, N ϭ 13) from the vicinity of Conchas Lake State Park, San Miguel County, New Mexico. Samples of specimens of known genotype were used as a priori groups to make the original subgroup assignments; specimens used to make the assignments were omitted from the definitive CVA. A. Distributions derived from a CVA using nine meristic characters summarized in table 5. B. Distributions derived from a CVA of three color pattern characters summarized in table 6.
HISTOCOMPATIBILITY AMONG MORPHOLOGICAL SUBGROUPS OF PATTERN CLASS C-E AND PATTERN CLASS D
Cordes and Walker (2003) documented histocompatibility among the nine individuals of Conchas C-E tested. We determined the morphological subgroup membership of each specimen by using CVA and individuals of known genotype (10 representatives of IC-E, 7 of VIC-E, and 4 of VIIIC-E) as a priori groups. The CVA model assigned three individuals to 1C-E, two to 6C-E, and four to 8C-E. A follow-up CVA (table 8) used these assignments to depict the pattern of morphological variation and skin exchanges among the nine specimens. In addition to two color pattern characters disrupted by skin transplants, the PSC character did not meet the minimum tolerance criterion of the CVA model and was also omitted from the analysis. Despite the reduced number of characters, the classification success was 100% within each of the three morphological subgroups: 1C-E transplants, 6C-E transplants, and 8C-E transplants. Reciprocal skin transplants had been made (and accepted) among representatives of all three morphological subgroups ( fig. 10A ). Cordes and Walker (2003) also demonstrated unequivocal histocompatibility between all lizards of pattern classes C-E and D tested. A CVA (table 9), using morphological subgroups of C-E and representatives of pattern class D as a priori groups, revealed the pattern of morphological variation among the four groups, and substantiated that reciprocal skin transplants had been made between representatives of each morphological subgroup (1C-E, 6C-E, and 8C-E) and pattern class D ( fig. 10B ).
PATTERNS OF MORPHOLOGICAL VARIATION AMONG PATTERN CLASSES C, D, AND E
FROM SUMNER LAKE STATE PARK Different color pattern classes of A. tesselata coexist at three localities-near the historic townsite of Higbee, Colorado, and in the vicinities of Conchas and Sumner Lakes, New Mexico. These assemblages provide valuable information on phenotypic divergence because shared environments increase the likelihood that their phenotypic differences have a genetic basis. The Sumner Lake assemblage was particularly important because this is the only locality known where pattern class E coexists with pattern classes C and D (Taylor et al., 1997) . This assemblage facilitated the resolution of more inclusive patterns of morphological variation in A. tesselata from eastern New Mexico.
A CVA (table 10) (N ϭ 5), and E (N ϭ 32). Individuals were assigned to a priori group by visual assessment of color pattern. The CVA gave an overall classification success of only 79%; however, except for 1 of 32 individuals of pattern class E misclassified to pattern class C, the other misclassifications were between pattern classes C and D (15 of 45 Sumner C assigned to Sumner D and 1 of 5 Sumner D assigned to Sumner C). The high number of misclassifications between C and D emphasizes the meristic similarity of these two groups.
The pattern of variation at Sumner Lake is a contrast between the meristic similarity of pattern classes C and D and the pronounced difference between these classes and Sumner E (fig. 11 ). Most individuals of Sumner E and Sumner C can be distinguished by visual inspection of the dorsal color pattern (e.g., Taylor et al., 1997: 864, fig. 1 ). However, a few individuals require subjective decisions regarding the degree of lateral barring (typically less extensive in C, more extensive in E) and the pale vertebral line (typically present and relatively intact in C and absent or broken extensively in E). For example, certain individuals of Sumner E have a relatively prominent vertebral line, thereby combining a C-like feature with an E-like, disrupted lateral stripe (e.g., RU 9743 shown in fig.  12A, B) . The reverse combination also occurs; for example, RU 9507 ( fig. 12D ) was previously assigned to pattern class E because of its disrupted vertebral field (Taylor et al., 1997 (Taylor et al., , 2000 . However, a CVA classified this individual as pattern class C (P ϭ 0.90), with the assignment being influenced by the low number of stripe disruptions: 4 Lbreaks, 0 DL-breaks, and 6 PV-breaks ( fig.  12E ). In addition, certain individuals of Sumner C expressed unusual, partially divided vertebral lines, some just below the threshold of development seen in pattern class D from this locality (e.g., RU 9710 and 9725 shown in fig. 8B, C) . As another example of confounding color pattern elements, certain individuals of Colorado D had partially divided, but essentially single, vertebral lines (Taylor et al., 1996, fig. 1C, D: 256) . 
COMPARISON OF PATTERN CLASSES C, C-E, E, AND E-C FROM EASTERN NEW MEXICO
It appears likely that pattern classes C and C-E were derived from an ancestral pattern class, such as E or E-C. These are logical ancestral candidates because only populations presently allocated to pattern class E are sympatric with the progenitor species of A. tesselata. Therefore, if E or E-C are older pattern classes, their lineages should have accrued more mutations than those of pattern classes C, C-E, and D. This possibility manifests itself in the color pattern variation found within and among groups traditionally assigned to pattern class E. A preview of this variation is provided by Walker et al. (1997a: 240, fig. 4 ). Color pattern variation is expected because clonal reproduction of selectively neutral, genetically modified phenotypes should include color pattern features. This would be evidenced by significant differences in color pattern characters between geographically proximate populations of the same pattern class. As an example, the degree of lateral stripe disruption (L-breaks) was the principal character used by Zweifel (1965) to distinguish pattern classes C and E. Our sample of Luna E was not only significantly different in L-breaks from Sumner C (as expected), it also differed from Sumner E (P Ͻ 0.0005 for each comparison), although these samples came from sites separated by only 34 km. Paradoxically, there was no significant difference in L-breaks between Luna E and each morphological subgroup of Conchas C-E (F 3,139 ϭ 2.225; P ϭ 0.09).
We summarized color pattern variation by a CVA of color pattern characters (table 11) , with samples of Conchas 1C-E (ϩD), 6C-E, and 8C-E, Sumner C (ϩD), Sumner E, Luna E, and Macho E-C serving as a priori groups. Because of insignificant multivariate differences between Sumner D and Sumner C and between Conchas D and Conchas 1C-E, each of these pairs was pooled for this (and the following) analysis. The pattern of variation was a tight cluster of C-like individuals, a loose cluster of E-like individuals, and broad distributions of 1C-E, 6C-E, 8C-E, and Macho E-C individuals across both C-like and E-like clusters ( fig. 13A) .
We next used the seven a priori groups from the previous analysis in a CVA (table  12) to depict a comprehensive (color pattern and scalation characters) pattern of morphological variation. The inclusion of scalation characters enhanced the separation of Sumner E and Luna E from the other groups, with Conchas 6C-E and Macho E-C being distinguished, as before, by the breadth of their morphological variation ( fig. 13B ). We simplified this two-dimensional pattern to one dimension by an additive tree phenogram ( fig. 14) constructed from a symmetric matrix of Mahalanobis D 2 distances between sample centroids (table 13). Note that the resemblance of Sumner D was with syntopic Sumner C (distance of 9.4) rather than with Conchas D (distance of 15.2), with smaller values reflecting greater similarity. The same pattern exists at Conchas Lake, where Conchas D was most similar to syntopic Conchas 1C-E (distance of 10.0) with which it shares the same GPI, EST2 genotype. Disregarding the Conchas D derivative, Conchas 1C-E and 8C-E were morphologically most similar to Sumner C (fig. 14) .
Certain patterns of geographic variation suggest that a population resembling Macho E-C played an important role in the colonization of northern habitats by A. tesselata. One example involves the three populations identified historically as pattern class E. Despite the short geographic distance between the Sumner Lake and Puerto de Luna sites ( fig. 1) , Sumner E and Luna E resembled Macho E-C more closely than they resem- bled each other (additive tree distances of 17.0 for Sumner E-Macho E-C; 19.4 for Luna E-Macho E-C; 30.2 for Sumner ELuna E). In addition, Sumner C and the three morphological subgroups of Conchas C-E were also more similar to Macho E-C than to either of the geographically proximate populations of pattern class E. In fact, as the E-C designation suggests, certain individuals at Arroyo del Macho are C-like, with relatively intact pale stripes and vertebral lines (see Taylor et al., 2001: 16, fig. 4C , F, and compare these two specimens of pattern class E-C to representatives of pattern class C illustrated in Walker et al., 1997a: 239, fig. 3 ). Another example linking Macho E-C to northern groups was the strong morphological resemblance of Conchas 6C-E to Macho E-C rather than to syntopic clones of Conchas 1C-E and 8C-E ( fig. 14) .
STATUS OF PATTERN CLASS NEW MEXICO D Each group of pattern class D, including
Colorado D (Taylor et al., 1996) , resembled a sympatric group of pattern class C or C-E rather than pattern class D from other localities. This suggests that pattern class D was either derived by mutation from its companion population of pattern class C or C-E or that shared environments caused developmental convergence of meristic variation between the two pattern classes at each site of sympatry. Evidence from the Sumner Lake pattern classes indicates that the environmental alternative is unlikely. Despite shared habitats and activity periods, Sumner E is meristically distinct from Sumner C and Sumner D. Therefore, syntopy does not ensure morphological similarity, and the close meristic resemblance between Sumner C and Sumner D is more likely based on genetic similarities between ancestral (C) and derived (D) clones. Because the sampling procedure involved collecting individuals as they were encountered, the ratio of 47 C : 47 E : 5 D collected in 1995-1997 should approximate the relative numbers of each pattern class at Sumner Lake. Although pattern class D is polyphyletic in the sense of having originated several times from different individuals of pattern classes C and C-E, the proportion of its representatives at each locality does increase latitudinally from south to north: Sumner Lake (47 C : 5 D ϭ 10%), Conchas Lake (126 C-E : 33 D ϭ 21%), and Higbee (96 C : 79 D ϭ 45%, Taylor et al., 1996) . This trend could reflect different times of origin, different levels of success in different habitats, or both. Zweifel (1965) discerned that pattern class C was distributed as a series of allopatric populations, whereas pattern class D was always sympatric with pattern class C. Because of significant meristic differences between pattern class D from Higbee and Conchas Lake, Zweifel also hypothesized that pattern class D had originated twice from representatives of pattern class C. Multivariate morphological evidence supports this hypothesis (Taylor et al., 1996) . Based on identical genotypes for GPI, EST2, sACOH, and MPI and meristic similarities, we now identify Conchas clone IC-E as the likely progenitor of Conchas D and provide morphological evidence that Sumner D was similarly derived from Sumner C (fig. 14) . Pattern class D is atavistic in the expression of broken, double vertebral lines-a color pattern feature of many individuals of A. tigris marmorata, the maternal progenitor species of A. tesselata.
MODEL 1 FOR ORIGINS: MULTIPLE HYBRIDIZATIONS EXPLAIN THE VARIATION IN ASPIDOSCELIS TESSELATA IN EASTERN NEW MEXICO
The only published evidence to explain the genetic and morphological variation in A. tesselata from Conchas Lake is detailed in and Parker et al. (1989) . This hypothesis is based on allele combinations in A. tesselata being consistent with multiple hybridizations having taken place between its bisexual parental ancestors. Taken by itself, the allozyme diversity in the Conchas assemblage could have been generated by multiple origins since there is no association between genotypes at the variable loci, and all four combinations of genotypes were detected in pattern class C-E (GPI Ϫ100/Ϫ96, EST2 100/96; GPI Ϫ100/Ϫ96, EST2 96/96; GPI Ϫ99/Ϫ96, EST2 100/96; GPI Ϫ99/Ϫ96, EST2 96/96). For example, both the GPI Ϫ99 and Ϫ100 alleles appeared to be present in A. gularis septemvittata, and different hybrid combinations could occur even within one clutch of eggs resulting from a single mating between representatives of A. tigris marmorata with a GPI Ϫ96/Ϫ96 genotype and A. gularis septemvittata having a GPI Ϫ100/Ϫ99 genotype. This would also be compatible with the morphological distinctiveness of the clones marked by GPI Ϫ99/ Ϫ96 . The variation at EST2 is more problematical for this hypothesis. Because the 96-allele of EST2 was apparent only in A. gularis septemvittata and not in A. tigris marmorata, the origin of the EST2 96/96 genotype in the different GPI clones would require gene conversion (Hillis et al., 1991) or convergent mutation from the original F 1 hybrid genotype, EST2 100/96. However, if A. tigris marmorata previously had the 96-allele of EST2, or has it in low frequency or at localities not yet tested, then these genotypes could also have been produced by different hybrid combinations of parental gametes.
NO. 3424 AMERICAN MUSEUM NOVITATES
One problem with this model is biogeographical-the necessity of a historical northward displacement of the current, geographically restricted sympatry between the two progenitor species. Could the former range of A. gularis septemvittata have extended farther north and overlapped that of A. tigris marmorata more extensively than it does today in southwestern Texas (Parker and Selander, 1976) ? If so, hybridization could then have taken place closer to the present ranges of color pattern classes C, C-E, and D. Although the northernmost population of A. tigris marmorata in the Pecos River drainage (vicinity of Arroyo del Macho) is reasonably close to the Sumner Lake pattern classes, the northernmost population of A. gularis septemvittata is close to Deer Mountain, Hudspeth County, Texas (Dixon, 2000) . These populations are separated by approximately 400 linear km, and the Pecos River corridor is occupied by an intervening population of the more ecologically flexible A. gularis gularis (Degenhardt et al., 1996: 217) . A recent range shift of this magnitude is doubtful, and it is also unlikely to have taken place through the range of A. gularis NO. 3424 AMERICAN MUSEUM NOVITATES One purpose of this study was to evaluate an alternative hypothesis to explain the source and pattern of genetic and morphological variation in A. tesselata from eastern New Mexico. This hypothesis posits that the morphological diversity in A. tesselata is based on postformational genetic divergence (i.e., after establishment of parthenogenesis) following the origin of A. tesselata from a single F 1 hybrid zygote (Taylor et al., 1996; Walker et al., 1997b: 167, fig. 1 ; Taylor et al., 2000) .
This model is tied to three premises. The first assumes that histocompatibility among different individuals of Aspidoscelis tesselata reflects a single origin from one ancestral zygote. Although the genetic mechanism responsible for the immune response in Aspidoscelis has not been identified from extensive transplant experimentation (Cuellar and Smart, 1979) , a rationale for interpreting histocompatibility as evidence of identical sets of histocompatibility alleles was provided by Cuellar (1976 Cuellar ( , 1977b , following Maslin (1967) . This rationale was used to explain histocompatibility among parthenogenetic individuals of A. cozumela and A. maslini (Hernandez-Gallegos et al., 1998) . It was also used as evidence that two clones of A. laredoensis had been derived from separate zygotes (Abuhteba et al., 2000) . Conversely, histoincompatibility evidence for separate hybridizations would be subject to error if mutations in histocompatibility alleles had occurred in clones derived from the same F 1 hybrid zygote. Possible examples of such individuals are identified in A. laredoensis by Abuhteba et al. (2000) .
Although histocompatibility genetics in lizards is poorly understood, the demonstration of histocompatibility for different color pattern classes of A. tesselata by Maslin (1967) and Cordes and Walker (2003) is a compelling argument for this model. If we assume that similar genetic systems are responsible for histocompatibility in lizards and humans, then the genetic variation at the sACOH and MPI loci (table 3) is consistent with evidence that the clonal diversity at Conchas Lake State Park originated from a single F 1 hybrid zygote. There are two sACOH genotypes (bc and ac) in A. tesselata at Conchas Lake. The origin of two of the three alleles can be accounted for because the c-allele is found in A. tigris marmorata, and the b-allele is found in A. gularis septemvit- tata (the two progenitor species of A. tesselata, Neaves, 1969; Parker and Selander, 1976; Dessauer and Cole, 1989; Dessauer et al., 1996) . The common genotype bc occurs in lizards of pattern classes C, D, E, and E-C, and clone VIC-E, and genotype ac is found only in certain individuals of clones IC-E and VIIIC-E. The a-allele has not been found in either bisexual progenitor taxon. The a-allele apparently does occur (with the b-allele) in A. gularis gularis (a close relative of A. g. septemvittata) and A. sexlineata (Dessauer and Cole, unpubl. data) , so it is possible that the a-allele exists, undiscovered, in some extant population of A. g. septemvittata.
The same argument can be made from the MPI alleles, with genotypes ab and ac found in A. tesselata from Conchas Lake. Again, two of the three alleles could have come from the progenitor taxa; the a-allele is found in A. tigris marmorata, the b-allele is found in A. gularis septemvittata, but the c-allele has not been found in either progenitor taxon. The c-allele apparently does occur (with the b-allele) in A. gularis gularis (Dessauer and Cole, unpubl . data) so it too might also occur in some populations of A. g. septemvittata. Therefore, if genotypic diversity at the sACOH and MPI loci were acquired from different alleles in separate fertilizations, it would require three separate F 1 hybrid zygotes from A. tigris marmorata (sACOH c-, MPI a-) ϫ A. gularis (sACOH ab, MPI: bc) to generate the three sACOH, MPI clones at Conchas Lake (bc ab; bc ac; ac ac). Because different combinations of histocompatibility alleles would be expected in each zygote (Maslin, 1967; Cuellar and Smart, 1979 ), skin graft rejection would then be expected between individuals within subgroups 1C-E (bc ac and ac ac) and 8C-E (bc ac and ac ac) and between individuals in these subgroups and those in 6C-E (bc ab). A test of this hypothesis was provided by the reciprocal skin exchanges among all morphological subgroups ( fig. 10A ). The complete lack of skin graft rejection is cause for rejecting the multiple hybridizations hypothesis.
The alternative hypothesis posits that this genotypic diversity resulted from point mutations at each of the two loci after the parthenogenetic lineage had been established. The putative ancestral sACOH, MPI genotype (bc ab) characterizes pattern class E-C from Arroyo del Macho and clone VIC-E from Conchas Lake. The alternative sACOH, MPI genotypes (bc ac and ac ac), both in clones IC-E and VIIIC-E, could be accounted for by a single mutation at each locus. Samples from other localities were not assessed for sACOH and MPI genotypes.
The second premise assumes that evolutionary patterns in A. tesselata can be inferred from patterns of genotypic and morphological variation. Densmore et al. (1989) concluded, from the low level of sequence divergence in mtDNA, that A. tesselata had originated very recently. The same conclusion had been reached by Parker and Selander (1976) based on the relatively low genotypic variation found throughout the range of this species. In addition, A. tesselata lacks a mechanism (sexual reproduction) for internal cohesion of variation (Dessauer and Cole, 1986) . Therefore, if A. tesselata originated from a single hybridization event (one F 1 zygote), spontaneous mutation would produce a pattern of mosaic divergence into various clones.
The third premise is based on the correspondence between meristic and genotypic variation identified in and this study. We assume that genotypes of untested groups can be inferred from either geographic proximity or morphological resemblance to groups of known genotype. For example, although genetic information was not available for pattern class E from Sumner Lake, the GPI, EST2 genotypes are known for pattern class E from Fort Sumner, only 18 linear km southeast of the Sumner Lake sampling localities. All individuals from Fort Sumner (N ϭ 11) belonged to genotypic clone VIE (GPI Ϫ99/Ϫ96 [Parker and Selander, 1976: 798, (Parker and Selander, 1976) . In addition, Parker and Selander (1976) found GPI variation within individual pattern classes at only two widely separated localities-Conchas Lake, in the Canadian River drainage, and the south end of Elephant Butte Reservoir and Engle vicinity, both in the Rio Grande drainage. The geographically restricted nature of genotypic variation in A. tesselata makes it likely that pattern class E at Sumner Lake State Park and Fort Sumner share the same GPI Ϫ99/ Ϫ96 genotype. This GPI genotype also characterizes clone VIC-E from Conchas Lake. Differences in the EST2 genotype have been found only in C-E from the Conchas Lake vicinity.
We also lack genetic data for Sumner C, but we surmise that Sumner C and Sumner E have different GPI genotypes because of their pronounced morphological differences (table 2; figs. 12, 13). Therefore, the genotype for Sumner C was inferred from its morphological resemblance to another group. Morphologically, Conchas 1C-E and 8C-E (both GPI Ϫ100/Ϫ96) most closely resemble Sumner C, and Sumner C most closely resembles Macho E-C (GPI Ϫ100/Ϫ96) ( fig.  14) . This chain of resemblance suggests that Sumner C is also GPI Ϫ100/Ϫ96, which is the most common GPI genotype in this species (Parker and Selander, 1976 Zweifel, 1965) is the only pattern class that contacts the two progenitor species, with contact restricted to a few sites in northeastern Chihuahua, Mexico, and southwestern Texas (Scudday, 1973; Scudday and Dixon, 1973; Parker and Selander, 1976) . The present geographic range of pattern class E (sensu Zweifel, 1965 ) extends northward from Trans-Pecos Texas, with the Rio Grande and Pecos River drainages being the principal dispersal routes (Cuellar, 1977a, fig. 3: 841) . Pattern (table 13) , depicting meristic resemblance among nine groups of Aspidoscelis tesselata. Distances (similarities) between groups are computed by adding lengths of nodes between groups of interest. Terminal nodes represent the nine groups, and internal nodes represent horizontal distances between clusters. As an interpretation example, the resemblance between Conchas 6C-E and Conchas 1C-E is 7.2 ϩ 3.2 ϩ 2.2 ϩ 2.8 ϩ 5.6 ϭ 21.0, while the resemblance between Conchas 6C-E and Macho E-C is 7.2 ϩ 1.0 ϩ 1.9 ϩ 3.1 ϭ 13.2.
classes C and D are first encountered near the northern range boundary of pattern class E, at Sumner Lake State Park, De Baca County, New Mexico (Taylor et al., 1997) . Historically, the range of pattern class E extended north to Santa Rosa Lake (named Los Esteros Reservoir when constructed), Guadalupe County, New Mexico (documented by specimens in the Museum of Southwestern Biology), but this population was evidently extirpated when the reservoir basin filled (Brown, 1980; J. Applegarth, personal commun.) . We have not seen representatives of A. tesselata at Santa Rosa Lake State Park during several recent visits to this locality, although J. M. Walker discovered in 1996 the population at Puerto de Luna, approximately 13.5 km southeast of Santa Rosa.
Scattered populations of pattern class C are found northeast of Sumner Lake in parts of northeastern New Mexico, northwestern Texas, southeastern Colorado, and southwestern Oklahoma (Zweifel, 1965) . Therefore, the relatively abrupt latitudinal shift from pattern class E to pattern class C may be related to mutations that preadapted pattern class C to the shorter growing seasons in the northern part of the range. The south-ern range boundary of pattern class C (and D) at Sumner Lake is separated from sympatric populations of the two bisexual progenitor species by approximately 520 linear km (Scudday, 1973; Scudday and Dixon, 1973) . Because pattern classes E-C and E are geographically interposed between the ranges of the bisexual progenitor species and pattern classes C, C-E, and D, pattern classes E-C and E are ancestral pattern class candidates. The E-C alternative is particularly appealing because of the breadth of its color pattern variation, although color pattern variants could also originate, similar to pattern class D, by mutation within established groups.
MORPHOLOGICAL PERSPECTIVE: Most individuals of A. tesselata can be assigned to color pattern class because of quasi-binary color pattern characters (Zweifel, 1965; Taylor et al., 1996; Walker et al., 1997a) . Double, fragmented vertebral lines distinguish most representatives of pattern class D from pattern classes C, C-E, E, and E-C, and the presence (Colorado D) or absence (New Mexico D) of supernumerary pale stripes distinguishes most individuals of the D-pattern classes (Taylor et al., 1996) . Individuals of Colorado D lacking supernumerary stripes or having essentially intact vertebral lines are occasionally produced (Zweifel, 1965: 4, fig. 2D ; Walker et al., 1997a: 238, fig. 2C ).
Because of the distinctive color pattern of New Mexico D, the assignment of individuals to this pattern class is generally straightforward. However, it is easy to demonstrate the reduced level of distinctiveness in Conchas C-E and Macho E-C. Because the three morphological subgroups at Conchas Lake were most similar to either Sumner C (1C-E and 8C-E) or Macho E-C (6C-E), samples of Sumner C and Macho E-C were used as a priori groups in three discriminant analyses (DAs). Specimens of a different subgroup (1C-E, 6C-E, or 8C-E) were included as unclassified in each DA for classification to a priori group. The standardized discriminant functions (eigenvalue of 1.156) were 1.146 for L-breaks, Ϫ0.607 for DL-breaks, and 0.212 for PV-breaks. Classification success for the a priori groups was 96% for Sumner C (43 of 45 specimens assigned correctly) but only 73% for Macho E-C; 10 of 37 individuals were identified as belonging to Sumner C! With respect to the subgroups of pattern class C-E from Conchas Lake, the assignments were (1) subgroup 1C: 36 individuals to Sumner C and 22 to Macho E-C, (2) subgroup 6C: 12 individuals to Sumner C and 13 to Macho E-C, and (3) subgroup 8C-E: 8 individuals to Sumner C and 9 to Macho E-C. This quantifies what is evident upon visual inspection of Conchas Lake and Arroyo del Macho samples-use of pattern class C and E is misleading and oversimplifies color pattern variation in these populations.
For example, the form at Arroyo del Macho (Macho E-C) was referred to pattern class E by Zweifel (1965: 43) , but differences were noted by Taylor et al. (2001) . The mix and range of color pattern expressions in Macho E-C were illustrated by a DA, using the samples of Sumner E and Sumner C as a priori groups. These samples are appropriate representatives of pattern classes C and E because of their high level of morphological distinctiveness ( fig. 11) . Individuals of Macho E-C were entered as unclassified for assignment to group. Because of the strong divergence between color patterns E and C at Sumner Lake, this model had a relatively high eigenvalue of 5.680, with standardized discriminant functions of 1.079 for L-breaks, 0.091 for DL-breaks, and Ϫ0.254 for PVbreaks. There were few misclassifications in the a priori groups; 94% (30 of 32) of Sumner E and 100% (45 of 45) of Sumner C were classified correctly. However, 21 of 37 individuals of Macho E-C were classified as Sumner C, with the remaining 16 classified as Sumner E. Although some populations of pattern class E lack evidence of a lateral stripe, Macho E-C has color pattern elements of both progenitor species-lateral barring from A. tigris marmorata and a lateral stripe from A. gularis septemvittata. The breadth of color pattern variation in Macho E-C is sufficient ( fig. 13A ) to have established the color pattern themes exhibited by the disjunct groups in northeastern New Mexico.
GENETIC PERSPECTIVE: Ideally, a description of the evolutionary history of A. tesselata would emerge from an initial understanding of the processes generating the genetic and morphological variability in this clonally diverse species. Unfortunately, the genetic bases of color pattern features and scalation differences are unknown, although there is evidence that elements of both are cloned (Dessauer and Cole, 1986 ; this study).
Nevertheless, Densmore et al. (1989) provide mtDNA evidence that pattern classes C, D, and E share one hybridization event in their past. This conclusion is consistent with the results of histocompatibility experiments (Maslin, 1967; Cordes and Walker, 2003) . Therefore, if a single F 1 hybrid represented the origin of A. tesselata, its subsequent divergence into genetic and morphological clones should have a plausible explanation. As background information, genotype Ϫ100/ Ϫ96 is the most common and widespread of the GPI alternatives (Parker and Selander, 1976) ; therefore, it is the logical candidate for the ancestral combination of alleles. Genotype GPI Ϫ100/Ϫ96 characterizes populations at Roswell (IE), Arroyo del Macho (IE-C), and Conchas Lake (IC-E and VIIIC-E). The presumed derivative, GPI Ϫ99/Ϫ96, is found at Fort Sumner (VIE) and Conchas Lake (VIC-E).
The simplest fit of biogeographical, morphological, and genotypic data is provided by a model in which the origin and establishment of derived color pattern classes and GPI clones followed a general south-to-north range expansion by colonists of GPI Ϫ100/ Ϫ96. Clone VIC-E from Conchas Lake shares the GPI Ϫ99/Ϫ96 genotype with VIE from Fort Sumner, yet the morphological affiliations of both Conchas VIC-E and the Sumner Lake population of pattern class E are with clone IE-C from Arroyo del Macho. The mosaic nature of variation in different character systems (color pattern, scalation, proteins, karyotypes) is consistent with random mutations occurring after the establishment of parthenogenesis in A. tesselata.
We discussed above two competing hypotheses to explain the origin of variation in Aspidoscelis tesselata. Variation stemmed either (1) from different F 1 hybrid zygotes (separate fertilizations, whether involving the same individual parents and egg clutch or not), or (2) from mutations that occurred after parthenogenesis was established. The hypothesis of multiple fertilization events is favored by the fact that there are individuals of different color pattern classes (C, D, E) of A. tesselata with vertebral dark field patterns that can be matched by color pattern variation in A. tigris marmorata, and that certain variant alleles detected by protein electrophoresis appear to exist as polymorphisms in the ancestral bisexual taxa. However, the genetic differences in these character states may be due to simple mutations or gene conversions that can occur more than once, and they may be reversible. In addition, it is possible that what appears on a gel to be the same allele product representing different lizards could actually be different allele products having the same migration characteristics in the gel.
We are impressed by the data produced by Maslin (1967) and Cordes and Walker (2003) demonstrating reciprocal histocompatibility among lizards of pattern classes C and E and among the genotypic clones of pattern class C-E and pattern class New Mexico D, respectively. If, as in humans, the histocompatibility genes of Aspidoscelis involve multiple loci with many independently assorting alleles (more than 50 alleles for one locus in humans; Gebhardt, 1996) , this would suggest that A. tesselata originated from a single F 1 zygote. The rejection of skin transplants among 15 individuals from one population of bisexual A. tigris is consistent with the assumption that lizards derived from different zygotes are histoincompatible (Cuellar and Smart, 1977) .
DEFICIENCIES OF THE PATTERN CLASS C AND E DESIGNATIONS
The distinction between pattern classes C and E is essentially unambiguous at Sumner Lake, once color pattern ontogeny has been completed; for example, a CVA (table 11, fig. 13A ) based on three color pattern characters classified all individuals correctly to two groups, C ϩ D or E. Nevertheless, Zweifel (1965) provided examples that challenged the range-wide operationalism of pattern class E. This evidence included samples of pattern class E from disjunct sites in the Rio Grande drainage of New Mexico containing specimens with an intact lateral stripe (a characteristic of pattern class C). Zweifel (1965) also noted the unpredictable distribution of such variants in the geographic range of pattern class E. Therefore, a dilemma exists for all who actually use color pattern criteria (rather than sampling locality) as the basis of color pattern assignments. Abandoning pattern class C and E designations for divergent groups such as those at Sumner Lake is unnecessary. However, it is misleading to refer to the non-D lizards at Conchas Lake as representing pattern class C or to the form at Arroyo del Macho as representing pattern class E. These populations comprise individuals with variable expressions of C and E color pattern elements and do not represent syntopic assemblages of two distinct pattern classes.
TAXONOMIC INTERPRETATION
Small multivariate differences and shared habitats between Sumner C and Sumner D suggest that these pattern classes represent the same biological entity. This is also true for Conchas C-E and Conchas D, with the color patterns at each locality reflecting ancestral (C and C-E) and derived (D) states. Therefore, New Mexico D is polyphyletic, having originated at least twice from different individuals in pattern classes C and C-E. Giving formal recognition to either group of New Mexico D is unwarranted.
It is also apparent that the same species is represented by the three clones of pattern class C-E from the Conchas Lake vicinity. Although Conchas 1C-E, 6C-E, and 8C-E are genotypically and meristically distinctive, all three express the same color pattern variation, an example of the mosaicism expected in clonal divergence. The three clones also appear to be ecologically equivalent based on sampling conducted (June 6-June 9, 2000) in one roadside habitat. The sample contained 27 individuals exceeding 66 mm SVL, a size used in this study to exclude incompletely developed color pattern characters from the statistical analyses. Of the 27 specimens, 11 had been classified to 1C-E, 10 to 6C-E, and 6 to 8C-E. Sampling variation can account for these numerical differences (Chi-square ϭ 1.556; P ϭ 0.46), indicating an absence of ecological segregation in this mesquite-dominated habitat.
Among the groups studied, the most compelling case for postformational speciation involves pattern classes C and E at Sumner Lake State Park. Besides color pattern differences, they are significantly different in meristic characters, mean body size (SVL) of reproductively mature individuals, and lifehistory characteristics. Sumner C and Sumner E occur at equivalent densities although Sumner C is larger than Sumner E and produces larger clutches. Compensation is apparently achieved by certain individuals of Sumner E beginning reproduction in their second year, with Sumner C delaying reproduction to year three (Taylor et al., 1997 (Taylor et al., , 2000 . Sumner Lake State Park is of considerable interest as a natural experiment because it represents an area where pattern classes E and C reach their northern and southern range limits, respectively. Do Sumner C and Sumner E reflect a postformational speciation event, with independent trajectories established by the separation of a tokogenetic clone vector (Wiley and Mayden, 2000) or tokogenetic array (Frost and Hillis, 1990 ) into two such entities? If so, a taxonomic decision regarding pattern class C is moot. The name A. tesselata is associated, through the selection of a neotype by Walker et al. (1997a) , with Colorado D from Higbee. Therefore, unless Colorado D can be shown to represent a different biological entity (Walker et al., 1997b) , pattern class C will continue to share the name A. tesselata with its Colorado D derivative.
Groups such as Conchas C-E and Macho E-C demonstrate the discordance of color pattern features and geographic range boundaries between entities traditionally regarded as pattern classes C and E. These two groups exemplify the challenges that mosaic patterns of genetic and phenotypic variation impose on the range-wide utility of color pattern classes and on the formal taxonomic recognition of pattern class ''E'' and its variants. The alternative to taxonomic restructuring is not without merit-a perspective of A. tesselata as a single species, conceptually important for demonstrating the effectiveness of a generalized genotype (Taylor et al., 2001) , and subsequent random mutations, to meet evolutionary challenges in a parthenogenetic entity of recent origin.
